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@ Resist deposition. 



@ A method of depositing a material upon a 
substrata (e.g., 11) is disclosed. A material, such 
as photoresist, is deposited upon a substrate 
(e.g., 11) such as a semiconductor wafer by 
spinning the substrate and commencing dep> 
osltion at the edge (e.g., 51) of the wafer and 
moving Inward in a spiral pattern. The method 
produces a more unifonn coating than hitiierto 
available. 
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Technical Field 

This invention relates to processes for the depos- 
ition of coatings upon substrates, in general, and 
more particularly to methods for semiconductor inte- 
grated circuit fabrication utilizing the deposition of re- 
sist-type materials upon semiconductor substrates. 

Background of the Invention 

A variety of modern technologies rely upon the 
precise deposition of a liquid material upon a solid 
substrate. Although it is frequently desirable to obtain 
a precisely uniform coating, methods for achieving 
such uniformity are often elusive. 

A particular example is the semiconductor indus- 
try, in which resist materials (often photoresist mate- 
rials) are deposited upon semiconductor wafers. The 
resist materials are subsequently exposed to light 
through a reticle and then portions of the resist are re- 
moved so that underlying portions of the substrate 
may be exposed to, for example, etchant or dopant 
species. 

Conventional methods for applying photoresist 
involve the placementof a semiconductor wafer upon 
a chuck in a chamber. An arm having a dispensing 
tube at its end is positioned generally over the center 
of the wafer. A pump connected to the arm is activated 
and a puddle of photoresist is dumped onto the center 
of the wafer while it spins at a slow speed. Then the 
wafer is spun at a considerably faster speed. Centri- 
fugal force tends to force the photoresist to move out- 
ward toward the edge of the wafer while surface ten- 
sion and viscosity effects control the flow over the 
surface and the wafer edge boundary conditions. 
Eventually the entire wafer is coated with photoresist. 

The conventional approach presents a variety of 
problems. First, a considerable amount of photoresist 
material Is wasted. It is necessary to dump more pho- 
toresist onto the center of the wafer than is ultimately 
desired upon the surface of the finished wafer. Con- 
siderable excess photoresist is spun off the sides dur- 
ing the "fast spin" cyde of the process. Furthermore, 
the process typically produces an uneven photoresist 
coating, not unlike that depicted in FIG. 1. In FIG. 1, 
reference numeral 11 denotes a semiconductor sub- 
strate; while reference numeral 13 denotes a depos- 
ited photoresist. In a photoresist having a nominal 
thickness of approximately 1 ^m, the difference be- 
tween the height of point 1 7 in the center of the wafer 
and point 1 5, at a location intermediate the center and 
edge of the wafers, may be lOOA to 200^ Uneven- 
ness in photoresist layers is undesirable because it 
will induce variations in the size of critical features 
(normally placed in the same relative stack location). 
These variations are due to changes in the coupling 
of exposure light energy into the photo- active com- 
pound (PAC) in the resist. The variation in coupling is 



caused by the thin film standing wave effects be- 
tween the top and bottom surfaces of the resist. 

Furthermore, the equipment provided by many 
modern semiconductor manufacturers does not ac- 

5 curately position the dispense stream center over the 
center of the wafer. The resulting photoresist pattern 
Is sometimes somewhat more compltoated than that 
depicted by FIG. 1 because the initial deposit of pho- 
toresist Is not in the center of the wafer. However, the 

10 resulting pattern has equally undesirable irregulari- 
ties. 

Those concerned with the development of the 
semiconductor arts as well as other fields in which the 
fbmiation of coatings of precise thickness is desired 
IS have continued to search for methods to alleviate the 
above-described problems. 

Summary of the Invention 

20 The above-mentioned problems are alleviated by 
the present invention which includes In an illustrative 
embodiment a method of coating a substrate which 
includes spinning the substrate about an axis. Then 
deposition of a material Is commenced near the edge 

25 of the substrate and continued in a spiral pattern over 
the surface of the substrata. 

Brief Description of the Drawings 

30 FIG. 1 is a cross-sectional view of a substrate 
coated with liquid material; 
FIGS. 2 and 4 are perspective views useful in un- 
deratanding an illustrative embodiment of the 
present invention; 

35 FIGS. 3 and 4 are graphs useful in understanding 
an illustrative embodiment of the present inven- 
tion. 

Detailed Description 

40 

FIG. 2 depicts an apparatus for the deposition of 
photoresist Wafer 11 is supported on chuck 19 the 
center of which is connected to spindle 21 . Adjustable 
motor 23 powers spindle 21 and thereby controls the 

45 speed of rotation of wafer 11 . Housing 25 encloses 
wafer 11 and the apparatus associated with coating 
it. Air stream 29 and 27 is directed downward upon the 
wafer from a source not depicted. The overall air 
stream flows across the surface of wafer 1 1 and down 

so the edge of wafer 1 1 and, ultimately, below wafer 1 1 . 
Turbulence and vortices in airflow are also present 
and are known to affect the coatings. 

Dispensing tube 35 is connected to dispensing 
arm 31 which is powered by pump 33. It is often pos- 

55 sible to move arm 31 in a radial or in an arcing motion 
about its pivot point 32. 

FIG. 3 is a graph which depicts the wafer rotation- 
al speed together with the deposition rate used In prl- 
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or practices. It will be noted that as the wafer is spun 
at an Initially moderate speed, n (approximateiy 800 
rpm), an initial volume of resist is dumped onto the 

wafer between times t^ and t2 (t2-ti » 3^sec). In con- 
ventional practice, the full output (typically 4.5 - 5ml) 
for a 1 25mm diameter wafer of the pump 33 (typically 
a diaphragm pump) is ejected through the dispensing 
tube in a short, continuous pulse upon the wafer with- 
in the time interval t2 - 1^. After the resist is dumped 
upon the approximate center of the wafer, the rota- 
tional speed Is ramped (at approximately 8 Krpnn/sec) 
between times ta and to a higher speed, ra (approx- 
imately 5.8 Krpm). After the period of time corre- 
sponding to the time interval Vts (ts-U » 15 sec) has 
elapsed, and the resist has been permitted to flow to 
the outer edges of the wafer and beyond, the speed 
is again abruptly dropped to zero during time interval 
te - te). (Backside rinsing or edge bead removal steps 
may also be performed). 

The process depicted in FIG. 3, employed in the 
prior art, utilizes the deposition of a puddle of photo^ 
resist at the approximate center of the wafer. 

By contrast, applicanf s process utilizes the conrv 
mencement of deposition at the edge of the wafer, a 
spiral-like deposition proceeding toward the center of 
the wafer (and possibly then another spiral back to- 
ward the edge). For example, in FIG. 4, there is de- 
picted a wafer 11 . Deposition commences at point 51 
located near the periphery of the wafer. Spiral 53 in- 
dicates the approximate position of the center of dis- 
pensing tube 35 as it moves inward radially toward 
center55of wafer 11. Of course, spiral 53 is indicative 
only of the approximate center of dispensing tube 35. 
The entire wafer surface is generally coated. After 
dispensing tube 35 Is positioned over center 55, it Is 
permitted to travel a bit beyond center, thereby pro- 
ducing tail 57. Then dispensing tube 35 is moved to- 
ward the periphery of wafer 11 . During this motion the 
resist Is dispensed according to a programmed rate 
(l.e., volume per unit area traversed) profile (to be dis- 
cussed subsequently). 

It should be noted in the scheme depicted In FIG. 
4 that photoresist dispensation may not terminate 
when dispensing tube 35 reaches center 55 or even 
after it creates tail 57. It is often desirable that the 
photoresist flow is not terminated at either of these 
points because typical photoresist pumps (despite 
their suck-back capabilities) may produce drops 
which are separated from the continuous flow in the 
flow termination process. The extra drops seem to 
contribute to the ultimate unevenness of the deposit- 
ed photoresist and are therefore undesirable. Retrac- 
ing the spiral, or at least creating another spiral pro- 
ceeding from past center to the edge of the wafer per- 
mits the last drops to fall at either the edge of the wa- 
fer (where no Integrated circuits will be made) or past 
the edge of the wafer. The pattern is deliberately de- 



signed to move slightly past center 55 to create "tail" 
57 so that coverage of the center is assured. Thus, 
unlike conventional procedures which utilize the de- 
position of a puddle of photoresist on the center of the 

5 wafer and subsequent spinning of the wafer to even 
out the photoresist, the present procedure utilizes a 
continuously controlled deposition of photoresist pro- 
ceeding from the edge of the wafer toward the center, 
past the center, and then reversing back to the edge 

10 of the wafer. 

Not only has applicant found that continuously 
changing the point of deposition upon the wafer pro- 
duces superior results, but also he has found that 
changes in the rotational pattern of wafer 11 and the 

15 deposition rate are also desirable. 

An Illustrative embodiment follows. Turning to 
FIG. 5, it will be noted that the wafer (having a 5" di- 
ameter) is initially spun in a speed range rt which is 
approximately equal to 30-400rpm. Between times t^ 

20 and ta (ta-tt » 5 to 1 0 sec), the photoresist Is deposited 
upon the entire wafer (» 3V2 ml Is deposited). At times 
ti, the speed is ramped to speed rs which is 3-4 Krpm. 
Between times ts and te (te-te » 2 to 5 sec), the wafer 
is spun to even out the results of deposition, and set 

25 the nominal thickness of the photoresist Then be- 
tween times te and \j the speed Is reduced back to 
speed r2 (e.g., 800 rpm -1 Krpm). Then the wafer is 
spun for an additional period of time equal to approx- 
imately 30 sec. The additional spin cycle serves to re- 

30 move extra solvent at a reduced rate from the photo- 
resist and tof urther even out the thickness of the pho- 
toresist film. Furthermore, applicant has found that, 
unlike prior practice, It is undesirable to suddenly drop 
a large amount of photoresist upon the wafer. Conse- 

35 quently, the deposition rate depicted in FIG. 5 may be 
utilized. For example, curve 71 of FIG. 5 depicts a de- 
position at a smalt initial rate at time period ti while the 
dispensing tube is positioned over point 51 on the 
periphery of the wafer to wet the surface and form the 

40 initial puddle (deposition commences and stops grad- 
ually, as shown by ramps 72 and 74). The deposition 
rate then smoothly increases to a predetermined val- 
ue di while dispensing tube 35 is traversing relatively 
large radii of wafer 11. As the radii of the spiral path 

45 begin to decrease, the deposition rate may decrease 
ultimately arriving at a value of d2 near center 55 of 
wafer 11. Then the cycle is repeated, returning to a 
deposition rate of approximately d^ as dispensing 
tube 35 nears the edge of wafer 11 and gradually ta- 

50 paring to zero. The deposition rate depicted by curve 
71 of FIG.Sis, however, not the only one possible.Va- 
rious circumstances may dictate curves of different 
shape. For example, it may be desirable to utilize a 
curve of a general shape of curve 73 to provide slight- 

55 ty greater deposition (corresponding to rate increases 
at points 76 and 73) at points on the wafer akin to 
point 15 of FIG. 1 to insure against the creation of in- 
sufficient resist at certain points on the wafer. Fur- 
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thermore. depending upon underlying topography or 
underlying layers (for example, silicon, phorophos- 
phosiiicate glass, aluminum) other deposition rates 
may be necessary. 

Thus, It is desirable that pump 33 have the ability 5 
to variably control as a function of time or equrvaiency 
(i.e., as a function of dispensing tube position 35 over 
wafer 11) the amount of photoresist deposited. 

The present invention in addition to its other ad- 
vantages by providing uniform resist, helps to insure io 
subsequent lithographed iinewidth uniformity. Thus, 
the wafer Is precoated with resist. The contour of the 
initially-deposited resist is closer to the desired final 
contour of the resist Thus, less resist is wasted in the 
coating process and addltionaliy less violent spinning is 
of the resist is necessary. This invention helps to al- 
leviate problems caused by differences in resist flow 
over topographic features having different orienta- 
tions with respect to the center of the wafer. 

The invention may find applicability in the coating 20 
of other substrate such as resist coating of quartz (In- 
tended for masks or inspection wafers), or resist coat- 
ing of metallized glass or quartz for flat panel dis- 
plays. 

25 

Claims 

1 . A method of semiconductor integrated circuit fab- 
rication comprising: 30 

spinning a wafer (e.g., 11) at a speed r^; 
AND CHARACTERIZED BY 

commencing deposition of a resist materi- 
al at the edge (e.g., 51) of said wafer(e.g., 11); 

continuously depositing said resist In a 35 
spiral pattern (e.g., 53) extending toward the cen- 
ter (e.g., 55) of said wafer 

terminating said deposition; 

spinning said wafer (e.g., 11) at a faster 
speed, rs, for a period of time. 40 

2. The method of claim 1 

further including the step of reducing the 
spinning speed of said wafer (e.g., 11) from to 
speed r2 where h>r2>ru and continuing to spin 
said wafer (e.g., 11) for a period of time. 

3. The method of claim 1 in which r^ = 30 - 400 rpm. 



7. The method of claim 1 in which the rate of said 
materia] deposition is variable. 

8. The method of claim 1 in which said substrate Is 
circular and has radii, and the rate of said depos- 
ition is lower at the center of the said substrate 
than at the central portion of said radii. 

9. The method of claim 1 in which, after said resist 
is continuously deposited in a spiral pattern ex- 
tending toward the center of the wafer, said resist 
Is continuously deposited In a spiral pattern ex- 
tending from the center of the wafer to the edge 
of the wafer. 



45 



4. The method of claim 1 in which rs = 3-4 Krpm. so 

5. The method of claim 2 in which - SOOrpm- 
IKrpm. 

6. The method of daim 1 in which the deposition 55 
rate of said resist is higher near the said edge of 
said wafer than near the said center of said wafer. 
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